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I. �asic Information 
Project Title1- The Bstimation of Corneal Rigidity by 
Means of Comparative Tonometry 
Investigators : Timothy G. Moore and Barry A. Eichenbaum 
Advisor s Lynn ,J. Coon, O.D. 
Location: Pacific University College of Optometry, 
Forest Grov&, Oregon and Portland Optometr ic Clinic, 
Portland, Ore�on. 
l)a te: Fall 1978 · 
II. Descript]-on of .P..I.Qjec_! The intent of this project is to attempt to estimate 
corneal rigidity using a number of subjects. This will be 
done by comparing the readings obtained by two forms of 
tonornetry (a reading commonly taken to aid in determining 
the presence of glauc oma ) . Measurements will be taken by 
two standard forms of tonometry, the Schiot z Method and the 
Non-contact or air-puff Method. The Schiotz Method does 
involve actually touching the cornea and a local anesthetic 
in the form of eye drops will be administered to avoid any 
subject discomfort. The cornea will be examined before and 
after the tonometr� 
III. DescriEtion of Risks 
Risks are very minimal. Some subjects do report some 
irritation following tonometry . Some slight corneal abrasion 
may occur but is not likely. Subjects will be thoroughly 
checked before they are dismissed . 
IV. Description of Benefits 
Subjects will have a more precise knowledge of their 
intraocular pre ssure and be informed as to the status of 
their cornea's health. Corneal rigidity may be important 
in contact lens fitting for the purpose of myopia (near-
. si�htedness) reduction . 
v. Offer to Answer AnY. �nquiries 
The experimenters will be more than happy to answer any 
questions you may have during the course of the project. 
VI. Time Reguired 
The subject can plan on donating no more than thirty 
minutes of their time to this project. This will be done 
in one visit. 
VII. Freedom to Withdraw 
You are free to withdraw your consent and discontinue your 
participation in this project at any time _without prejudice to you. 
I have read and unrlerstand the above. 
I am 18 years of age or older. 
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Review of the Literature 
Tonometry is defined as 'the measurement of ocular 
tension with a tonometer'° (Schapero et. al. 1968) , which 
still leaves one in doubt as to just what tonometry is, 
unless -0f course we define ocular tension, Ocular tension 
is in turn defined as "the resistance of the tunics of the eye 
to indentationw which depends upon the intraocular pressure, 
the thickness and rigidity of the tunics, the surface area, 
etc., • • • • •  " (Schapero et.al. 1 968). Ideally one would wish 
to be able to directly measure the pressure within the 
eye by a means which would eliminate intervening factors 
such as rigidity of the tunics. Cannulation of the eye 
so that the internal pressure within the eye is directly 
measured by a mercury manometer (Kaufman 1972) would avoid 
the problems of mechanical indirect measurements which are 
influenced by technical difficulties as well as resistance 
to mechanical deformation or indentation by the elasticity 
of the tunics of the eye. Although it is perhaps the best 
theoretical means of determining intraocular pressure, 
cannulation preeents·many problems of its own. Anesthetics 
necessary for cannulation would most likely b� a general 
anesthetic, usually barbiturates. Barbiturates have been 
found to lower the intraocular pressure (Moses 1975). 
Leakage of the aqueous and trauma to the eye are also 
factors which rule out cannulation as a practical means 
of determining ocular tension, Alternatively we are left with 
several methods of indirectly determining intraocular 
pressure by mechanical devices. 
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Two major approaches for the determination of ocular 
tension are currently in use; indentation tonometry and 
applanation tonornetry, each with their inherent drawbacks 
and advantages. Indentation or Schiotz tonometry was for many 
years considered to be the standard method of determining 
intraocular pressure. More recently with the development of 
the Goldmann applanation tonometer, which is generally 
considered more accurate and more reliable, (Bengtsson 1972B, 
Moses 1958, Smith 1964, Kaufman 1972) has replaced the Schiotz 
indentation method as the standard. 
The Schiotz tonometer is subject to a great degree of 
variability even when used by skilled persons (Glaster 1965), 
Applanation tonometry has been found to be subject to less 
variability than Schiotz tonometry (Bengtsson 1972B). 
Scott(1971) using several tonometers (Goldmann, Mackay-Marg, 
Maklakov and Schiotz ) found the highest correlation between 
Schiotz and Goldmann tonometric findings. Population means 
for Goldmann applanation tonometry and Schiotz indentation 
tonometry have been found to have a high correlation 
although individual findings do not have such a high 
correlation ( Armaly 1960). 
Disparity between applanation and indentation tonometry 
has been to a large extent attributed to ocular rigidity 
( Buxton 1971t Moses 1958). Much of this disparity is 
attributed to the errors inherent in indentation tonometry. 
Factors which have been found to influence ocular rigidity 
are as follows 1 (from Buxton 1971) 
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A. Decreased ocular rigidity 
1.Water provacative test 
2.Endocrine exophthalmos 
3.Myopia 
4.Strong m iotics i n  glaucoma therapy 
5.Buphthalmic eyes 
6.Megalocornea 
7.Intraocular surgery 
8.Hydration of the cornea 
B. Increased ocular rigidity 
1.Small cornea 
2.Increased corneal thickness 
).Contraction of extraocular muscles 
C. Questionable effects on ocular rigidi ty 
1.Increased age 
2.Escape of intraocular fluid by instrumentation 
Factors which affect intraocular pressure more so than ocular 
ri�idity would tend to have the same effect on indentation 
and applanati on tonometry so that they would have minimal 
effects in the determination of ocular rigid ity. These factors 
include blood pressure, sex, season of the year and time 
of day, all of which were considered to have i ndependent 
effects on intraocular pressure (Bengtsson 1972A), 
Applanation tonometry, more specifi cally the Goldmann 
method, is considered to be devoid of the influences of 
ocular rigidity and is thereby considered to be a more direct 
measure of actual intraocular pressure (Borish 1975). 
When a surface of three to four millimeters is applanated 
the surface tension due to tears and acting i n  a direction 
oppos ite to the force of resistance due to ocular rigidi ty 
equals and cancels the force of ocular rigidity (Moses 1975). 
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The following formula is used as a basis for applanation 
tonometry; the Imbert-Fick Laws 
P=F/A, 
where P=pressure9 F=force to app lanate an area, A. A 
modification of this formula, 
P=F+jv1�·N A 
includes correction for force due to tear surface tension, M, 
and the force of resistance to corneal deformation, N (Moses 1 975). 
Formulations involving Schiotz tonometry are based pri-
marily on the experimental data and work of Friedenwald (1 937, 
1 954, 1 957). From Borish ( 1 975) Friedenwald 's Formula for 
Schiotz tonometry is as follows: 
a + bS=__,,,_w __.....,. w..,..e..,.. i .... g._h..,..t._,...,,,o,_f.._t,_,h....,.e_t'""o_t_ a_
l,......._l _u_n��· ... e_ r_- _.....i ... n..,.. d .... e...,n..., t ..... i...,nMi.�f..., o..., r,_c _e;-..' Pt the IOP with the tonometer on the eye· , 
where a and b are experimentally determined constants and S 
is the Schiotz scale reading. Clinically such a formulation 
is impractical and a nomogram devised by Friedenwald on a 
semilo� plot is used for determination of intraocular pressure 
as well as an ocular rigidity coefficient (Borish 1 975). 
The difference between tonometric findings using the Schiotz 
tonometer and the Goldmann tonometer have generally been 
attributed to ocular rigidity as stated previously, since 
ocular rigidity is considered to have no effect on applanation 
tonometry. Regression analysis of data for Schiotz and 
Goldmann tonometry indicate a deviation from each other above 
and below the means and have been referred to as a regression 
effect (Levene 1 971). Bengtsson Cl973) suggests that 
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regression curves deviating from Friedenwald's 1955 cali-
bration curve are a consequence of many kinds of disagree-
ment between the two methods of measurement. 
Use of a differential in determination of ocular rigidity 
is not without precedent. Several values taken with the 
Schiotz tonometer using different calibration weights have 
been used on Friedenwald 0 s nomogra.a in determination of a 
coefficient of ocular rigidity. Syrdalen (1970) used a 
Goldmann-Schiotz differential in formula.ting a means for 
determination of an ocular rigidity coefficient as follows1 
K- l.ogPt - log(aERl. ton. +1) - Ve - o. mm3 
where K= the rigidity coefficient, Pt = intraocular pressure 
during tonometry (Friedenwald's table 1955). V0 = volume of 
corneal indentation caused by Schiotz tonometry (Friedenwald 
1955). o.44mm3 = corneal indentation caused by applanation 
tonometry (Goldmann and Schmidt 1957). The addition of lmm 
to the applanation tonometry values is to compensate for the 
increase in intraocular pressure from sitting to reclining 
as also found by Scott {1971)e 
The advent of modern technology has not passed up the 
area of tonometry. Many new and sophisticated electronic 
devices for measurement of intraocular pressure have appeared 
on the market in the past few years. Some of these new 
devices are no more reliable than previous instrumentation, 
specifically the Goldmann tonometer, which remains the 
standard by which the others are compared and calibrated. 
One of the most elaborate of these �ew devices is the 
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American Optical Non-Contact Tonometer. The A.O. Non-Contact 
tonometer is an applanation tonometer which applanates the 
cornea by means of compressed air. Many factors which may 
affect the reliability of readings with the Goldmann tonometer 
are circumvented by use of the A.O. Non-Contact tonometer. 
Factors introducing errors into Goldmann tonometric measure­
ments are; surface tension of the anesthetic, improperly 
cleaned prism, improperly adjusted height, prolonged contact 
with the corneat corneal edema, improper light placement, 
width of the fluorescein meniscus (Moses 1958). When 
properly calibrated and used as prescribed, the A.O. Non­
Contact tonometer is not limited by any of these factors. 
Tests for reliability and effect on corneal integrity 
(Forbes et. al. 1974) show a correlation coefficent of +0, 9 
for the A.O. Non-Contact tonometer compared to the Goldmann 
tonometer. tn this same study, repeated readings with the 
A.O. NCT showed no insult to the corneal epithelium. 
The advantages and ease of use over Goldmann applanation 
tonometry are major factors in sel€'ction of the A.O. Non­
Contact tonometer for this study. Applanation by means of the 
A.O. NCT will be compared with differential Schiotz readings 
in an attempt to ascertain a relationship between the 
differential of comparative tonometry and an ocular rigidity 
coefficient, 
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Methodology 
Subjects for this study are to be selected from the 
general population. The only restriction upon selection of 
subjects will be that the subject's corneas have never been 
subject to any trauma which resulted in permanent corneal 
defects which are visible upon examination with the bio­
microscope. 
Prior to testingp each subject will be required to 
sign a release form describing the experiment and �ossible 
risks which may be involved. 
Subjects will be examined with a biomicroscope before 
any tonometric measurements are taken to determine the state 
of corneal integrity. Pre-tonometric examination with the 
biomicroscope will also help to provide a basis for comparison 
of the corneal integrity with a second post-tonometric bio­
microsc opic examination to ascertain the extent of corneal 
damage due to tonometric procedures. The second biomicro­
scopic exam will be performed with sodium fluoroscein to 
highlight any epithelial damage. 
The actual experimental procedure will involve taking 
standard tonometric readings with the American Optical Non­
Contact applanation tonometer and readings with the Schiotz 
indentation tonometer. Measurements of intraocular pressure 
will be made first with the Non-Contact tonometer to avoid 
any possible 0massaging" effects due to volumetric displace­
ment which occurs with Schiotz tonometry. A minimum of three 
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"valid" measurements of intraocular pressure will be made 
of each eye with the non-contact tonometer with an average 
of the three taken as the intraocular pressure. 
Tonometric measurements will be taken with the Schiotz 
tonometer after administration of the appropriate local 
corneal anesthetic. Measurements will be taken in the 
standard fashion with the subject :eclining, Three measure­
ments will be made upon each eye. The three measurements 
will be made with three different calibration weights so that 
a differential comparison may be made as in determination of 
the Friedenwald coefficient of ocular rigidity. Comparisons 
will then be made between the differential Schiotz measurements 
and those obtained with the American Optical Non-Contact 
tonometer. Appropriate methods of statistical analysis will 
be employed . 
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Results and Discussion 
The premise of t�e metlluld of comparative t{)n•metry is 
based on the idea that ten.emetrie measurements or a eubjeet 
taken by two different methods should differ from the mean Gf 
a population by the same amGunt if the twe metaods •f measure­
ment were linearly related. If th�s were the case. ene 
w•uld expect that a ratio Gf t�e diffe renc e from the mean 
divided by the mean would be equal in tke twe methods, i.e., 
�gT - �::_:����!>: � XSehiotz..=_:�tz 
�e�-�n«11 
• 
The ratios were assigned a negative v�lue if tle subjaot's 
reading was belew the population mean and a positive value if 
tile reading was above populati4l')n meane Differenees 'between 
tlle ratios obtained frem the NCT and tllese abtained frem tae 
Schiotz were taken as a measure Gf non-linearity between tae 
twe methods of tcnometry. 
It was eur ecntentien tllrt.at ·these differences in values 
were related t� c�rneal rigidity. �n�� termD �cfirnea.l rigidity". 
is used somewhat loeseiy since comparis@na were made �sing 
Friedenwald8s Coefficient of Ocular Rigidity. To eur know­
ledge, no compariscns have been made between readings taken 
at points on nen-eornea.1 su.rfaees and corneal $Urfaeeso 
Technically, in tais study we ean not distinguisa between 
eeular and eorr1eal rigidity al ta@u.gh the primacy meehanical 
resistanee to defcrmatiGn is at tae cornea when Sehietz 
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tonometry is used. Hydrestatic resistance is prea\Uled here 
to remain oenstant. The mecfllanical resistance ef tae cernea 
to greater or lesser degrees ef deformation, dependent upon 
the Sehietz tonometer plunger load, is taken te b e due t• 
eorneal rigidity. 
A coefficient of ocular rigidity was determined for 
each subject by graphical projectien on Priedenwald's neme­
gram (taken from Adler , 1975). The coeffieient was ebtained 
by using an average ef taree Nen-eentact tenometer.readings 
and three Schiotz readings, each using a different plunger 
load. These values may be feund in Table I. 
In determining a measure ef tigidi� from comparative 
tonGmetry, the ratios ebtained as previeusly described, may 
be botn positive, beth n egative er one peeitive and tlle etlt.er 
negative. nat was of primary cencern was tae difference bet­
ween the NC! ratio and the Se hiotz ra�ie, 
XNCT - NCTn Xsehiotz - Sehiotzn 
XNCT 1sc�iotz • 
The diffe rence between the two ra ties was taken as a measure 
ef corneal rigidity. This may be better visualized in dia­
grams I, II, and III. The higl\er th.e rigidity tlle lligher 
the positive value. Values giving no difference can not be 
eonst rued to have no rigidity but are po.ints where there is 
a linear relationship between NCT and Senietz.tonometry. 
Values abGve this lsl relatienship have a higher rigidity 
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and those below it a re of a lower rigidity. It is this 
non-linearity between the two different methods ef tonemetry 
that forms the basis for tae quantification of corneal rigidity 
in this study. 
The determination of cerneal rigidity ia based on P•P•­
lation means for Non-contact and Suhietz tenemetry dene in 
this study. (See figures IV, V, VI, VII, and VIII.) The 
sample size of this study was somewaat small, but was a dequate 
for statistical analysis. The Pearson preduct-moment correla­
tion coefficient was used te eempare figures obtained with 
c omparat ive tonometry with t�ose obtained from Friedenwald'a 
n omogram, which is shown as figure IX. Cerrela tion between 
tne Oc ul ar Rigidity Ce effic ient obtained frem the Friedenwald 
nomogram and the NCT - 5.5gr. Schietz values was only .42. 
Correlations with the NCT - 7.5,,-r. and NCT - 10gr. pairs to 
tke Frie denwald coefficents were s•mewhat higher1 .52 and 
.69 respectively .  These last two c�parisons show a fairly 
high po si tive correlation with the values of the Friedenwald 
nomogram. 
Summary 
It would be inj udiciou s at this time to state that the 
method of assessing corneal rigi dity as descr ibed in this 
study is v alid beyon d any do ubt . Several aspects of the 
st•dy limit the reliability of tnis method as an indicator 
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of corneal rigidity. First of all, it is dependent upen 
population means, which in this case are based on a rather 
small population. Frequency distributions are illustrated 
superimposed on theoretical n•rmal distributions in figures 
IV, V, VI, and VII. A comparison ef tleoretical normal 
distributions for the NCT, 5.5gr., 7.5gr. and 10.0gr. Schietz 
findings of the population used in this study are illustrated 
in figure VIII. Here, it may be seen that there is a con­
siderable difference in the distribution ef the 5,5gr. 
Schiotz readings. This may or may net have had an effect 
on the c orrelation coeffic ient between th� NCT - 5.Sgr. 
Schiotz c omparative rigidity measure and the Friedenwald 
Oc ular Rigidity Coefficient. A study in which a larger 
populatien is used will probably provide more conclusive 
informatien. 
The usefulness of an oeular rigidity ooeffieient has 
been considered te be of dubious value in clinical prac-
tice. (Adler, 197.5). An ancillary aspect of this study may 
add credence te that statement, In an attempt to relate 
corneal (oeular) rigidity and Orthokeratelogy, a co.mparisen 
between rigidity and acuity improvement was made with several 
patients invelved in the Orthekerat&log study being een­
dueted at Pacific University College tlf Opt•metry. Correlation 
between the increase in decimal acuity and Friedenwald's 
eoeffieient of ecQlar rigidity was very low, ,08 te be exaet, 
- 1)-
_ This study could provide the basis for a mere cempre­
hensi ve study in which the reliability ef the comparatiTe 
method may be more conclusively determined. 
Subject 
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.:..8 
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TABLE I 
Friedenwald's Ocular Rigidity Ceeffieient 
as Determined by 
Graphical Plot cf Schiotz and NCT Readings 
No, Friedenwald's Ocular Rigidity Coef'fieient 
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PIGURE III 
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FIGURE IV 
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P'IGURE VII 
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APPENDIX I 
Mean Values and Devi a ti on from .. the Hean 
N,C,T, 5,5gr.S�:b.i•tz 7�$gr·;.ser&iatz 10;.ogr,Selliets 
M�an Value(mm Hg) lJ.57 14,96 12,61 11.79 
- - - - - - - � - - - - - � - - - - - - - - � - - � - - � - - - - - -
Subject �· 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
1) 
14 
15 
16 
17 
18 
19 
20 
21 
22 
2J 
24 
25 
26 
27 
28 
D�viation frem tke Mean (mm Hg) 
-1�57 
1.,76 
-o. 9 
6,,1 
-0 � 9 
.. 3.,9 
-0.51 
1.?6 
-1. 9 
-Oe57 
1 . 76 
-Oo57 
-2.24 
-2.57 
-2�4J 
-2,.43 
... 2.57 
6.1 
o.43 
-Jo24 
0.9 
2 .4J 
-1.24 
-0.57 
0.76 
-0.24 
5.55r.Schictz 7,5gr.Sohi_tz 
2.04 1.39 
0.04 -1.61 
2.04 1.39 
4,04 6.J9 
-4.96 -2.61 
1.04 
-1.96 
6e04 
-1.96 
OQ04 
-4.96 
1.04 
-2.96 
-2.96 
2.04 
-2.96 
2$04 
6.04 
-4.96 
1.04 
o.o4 
4.04 
-1 .. 96 
1.04 
-2.96 
6,04 
-2 .. 96 
-2 ., 96 
1.39 
-Oe61 
0.39 
-1e61 
-0,61 
-J.61 
J.39 
-1 ;61 
-1.61 
O.J9 
-1.61 
0 , 39 
6,39 
-4.61 
J.39 
O.J9 
0,39 
-1 .. 61 
-0.61 
-J.61 
)eJ9 
00e61 
-2 .. 61 
10,0gr1Selli•U 
4.,21 
.. -0.19 
1.21 
4.21 
-0.79 
2.21 
-0.79 
-0 . 79 
-Oo79 
-0.79 
-6.79 
-0.79 
-1 . 79 
-1.79 
2.21 
-0.79 
2.21 
4.21 
-1.79 
2.21 
1 .. 21 
1.21 
-0.19 
1 .. 21 
-6,79 
2.21 
-0 . 79 
-1 . ?9 
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APPENDI X  II 
Value of the ratio s Deviation from mean!mm H&. ) 
Mean (mm Hg . ) 
Subject No . N ,C ,T,  5 .5gr,Sehietz Z � �gr: Schi. etz 
I 
1 0 . ogr . Schietz 
1 - . 28? a 1 J6 . 1 1 0  . 357 
2 � . 1 61 . 00 3  - . 128 ...  067 
3 . 130 . 1 36 .11 0  . 103 
4 . 18 0  . 270 . 507 , 357 
5 - . 066 -. 3J2 - . 207  - . 067 
6 � 450 . 070 . 1 1 0  . 1 87 
7 - . 066 - 0 1 31 - . 048 - . 067 
8 - $ 28 7  9 404 • OJ1 - . 067 
9 - 0 042 -.1 31 - . 1 28 - . 067 
1 0 . 1 .30 . 003  - . 048 - Q 067 
11 - . 140 - . JJ2 - . 286 - . 576 
12 -.042 . 070 . 269 - . 067 
1 J • l JO - . 1 98 - . 1 08 .1 52 
14 - • 01+2 - . 1 98 - . 128 .152 
1 5  - . 1 65 . 136 . 031 . 1 87 1 6  - . 1 89 - . 1 98 - . 1 28 .... .. 067 
1 7  - . 180 . 1J6 • 0.31 . 187 
18  - . 180  .404 . 507· . 357 
1 9  - . 1 90 - . JJ2 - . J66 -.1 52 
20 . 450 . 070 . 269 . 1 87 
21 . 030 . 003 . 031 . 1 0) 
22 - . 2J9 .. 270 . 0 31 . 10J 
2 3  - . 066 - . 1J1 - . 128 - . 067 
24 . 1 79 e070 - . 048 . 1 03 
2 5  - . 090 ·- . 1 98 - . 286 - . 576 
26 - . 040 . 404 .268 . 187 
27 . 056 - . 1 98 - . 048 -.067 
28 - . 01 8  ... 1 98 -.207 - . 1 52 
XNCT - NCTn 
XNCT 
Subject  Ne . 
1 
2 
3 
4 
5 
6 
7 
8 
9 
1 0  
1 1  
1 2  
1 J  
14 
1 5  
1 6  
1 7  
1 8  
1 9  
2 0  
21 
22 
2.3 
24 
25 
26 
27 
28 
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APPENDIX III 
Value of Rigidity as Determined 
by the Equation a 
Xschiotz - Schiotz n = Cemparative Rigidity 
ischietz 
rJ�T ... �. 2!r.:.Schiot_! NCT-Z .jgr 1 Schiotz NCT•10.0!£1§!a�etz 
- . 423 - e J97 - . 644 
- . 1 1 9  . 01 2 - . 049 
- Q oo6 . 020 . 027 
- . 090 - .  32 7  - . 177 
. 266 . 141 . 001 
. J80 . J40 . 26 3  
. 065 - . 01 8  , 001 
- . 691 "" @ J1 8  - . 220 
- a 089 ,. 086 . 025 
� 1 2 7  @ 1 78 . 1 97 
$ 1 92 . 146 . 4 36 
- . 1 1 2  - .  31 1 . 025 
. J28 . 258 .. .  022 
. 1 56 . 086 - . 1 94 
- . 301 - . 1 96 - . J52 
. 009 - . 061 - . 1 2 2  
- . 31 6  - . 21 1  - . )67 
- . 584 - . 687 - 0 537 
. 142 . 1 76 ... , 038 
e )80 . 18 1  . 263 
. 027 - . 00 1  - . 07 3  
- . 509 - . 270 - . 342 
.065 e 062 .001 
. 1 09 . 227 , 076 
. 1 08 . 1 96 . 486 
- . 444 - . J08 - . 227 
. 254 . 1 04 . 1 2) 
. 180 . 18 9  . 1 )4 
-27-
BI BLIOGRAPHY 
Adler , F . H . . Adler ' a Physiclo,gy ef t1'u� Eye . Sixth Edition . 
Chapter 6 ,  • rntraocular Pre s sure . �  The c . v .  Mesby Co • •  
St . Louis , Mi sseuri 9 1 975 . 
Anderson , D . R .  and W . M .  Grant . "Re - evaluation of the Schi•tz 
Tonometer Calibratien . "  Inve stigative Ophth.almology � 
Vol . 9 s  pp . 430-446 . 
Aquino , Mario v � � J�se T . D G  Maye , Ros i e  Reye s-Noc.he and 
Arture Librea . "Ocular Rig:i.di ty Among Fil ipino s . "  
Philippine Journal o f  Ophthalmelogy . Ve>l e 3 ( 3 ) s 
pp . 1 04-1 1 0 . July-September ,  1 971 . 
A.rmaly , M . F . . "Schiotz Tcmometer Calibratien and Applanati•n 
Toncmetry , �  Arc hive s cf Ophthalmelagy . Vol . 64 1 pp . 426-
4 J2 . 1 960 $ 
Benf!;t sson � Be .  911Seme Fac tors Affecting the Distribution ef 
lntraocular Pre s sure s in a Population . "  Acta Ophthal­
melegiea .  ( Kbh . ) Vol . 50 s pp . J)-46 . 1 9'72A . 
Bengtsson , Bo e •compari san ef Sehio.tz and Geld11ann Tenuetry 
in a Population . "  Ac ta Oph.thalmolegica .  Vol • .  50 (.At. ) a 
PP � 44)-4 5 7 0 1 9 72 B .  
Bengtsson , Be o "Some Fac tors Affec t ing the Re lationship 
Betw�en Schiotz and G&ldmann Tonome try in a Po.pulation � "  
Ac ta Ophtb.almologica .  Vel . 51 ( 6 ) 1 pp . 798-8l. O �  1 973 
Ber i sh �  Irving M & s Clinical Refrac t ion . Third Edition . 
Chai:rter 1 2 ,  " Tenometry . "  The Prefe ssienal Press , Ine • •  
Chicago e 1 975 � 
Buxton � Jorge N . 11 R � J .  Riechers and S . D .  Aaron . "Cerneal 
Grafts and Their Effe c t  Upon the Applanation-Sol!liotz 
Di sparity . • Are hives o! Ophth�' lmelogy . Vol . 86 ( 1 ) s pp . 28-
30 • July � 1 971 • 
-28-
Dittmar , P . , M ,  Wi ttenburg , and O .  Li egl . "Erfahrungen m i t  
dem Non-Contac t Tonometer (Experienc e s  with the Non� 
Contac t Tonome ter ) . "  Kl ini sche Monatsblatter fur 
Augenartzliche Fortbildung . Vol . 1 6 7 ( 1 ) 1  pp . 1 37-141 . 
July , 1 9 75 . 
Dranc e ,  S .  M .  "The Coeffic ient of Sc l e ral Rigidity in Normal 
and Glauc omatou s Eye s . " Archive s of Ophthalmology 
Vo l .  6 ) t pp . 668-674 . 1 960 
Forbe s ,  M . , G .  Pi c o  and B. Gro lman . "A Non-Contac t Applanation 
Tonome ter . " Archive s of Ophthalmo logy . Vo l .  91 1 pp . 1 34-
140 . February , 1 974 . 
Franco i s , J . o P .  Vanc ea and R Vandekerckhove . "Cal ibration 
of Tonometers  and True I . O . P . "  Ophthalmo logica ( Basel ) .  
Vol . 1 6 7 s pp . 2 7 -48 . 1 97 3 .  
Friedenwald , J .  s . .  "Contribution to the Theory and Prac tice 
of Tonometry . "  American Journal of  Ophthalmology . Vol .  
20 1 pp . 985-1 024 . 1 937 . 
Fr iedenwald , J .  s . . " Calibration of  Tonometers . "  Dec ennial 
Report by the Committee on Standard i zation of  Tonome ters , 
American Acad emy of Ophthalmology . Chapter 7 .  1 9 54 .  
Fri ed enwald , J . S . .  " Tonometer Cal ibration : An Attempt to 
Remove Di screpenc i e s  Found in the 1 9 54 Calibration Scale 
for Schiotz Tonometers . "  Transcripts of  the American 
Academy of  Ophthalmology and Otolaryngology . Vol . 6 1 i 
p .  1 08 . 1 95 7 .  
Glo ster , J . •  "Tonome try and Tonography . "  International 
Ophthalmo logy Clinic . Vol .  5 1  pp . 968�1 076 . 1 965 , 
-29-
Go ldma nn , H .  and Thomas Schm idt , "Uber Appl anati ons 
Tonometri e . "  Opht h almo lo gica , Vo l . 1 341 pp. 221 -242 . 1 95? . 
He tland-Er i k s en p J • •  " On To no metr y. 6 Co mpar ati ve Tonome try 
w i th the Go ldmann Applanat ion Tonom et er and t h e  Sc hiotz 
To no m et er in t h e  Lyi ng Po s i t ion . " Ac ta Oph thalm o l o gi c a. 
Vo l .  44 : p. 522 . 1 966 . 
Kai den , Jeffry s . , Thomas J ,  Zimm e rman and Davi d M .  Wor t h en .  
''Hand -he ld Tonometers . An E valuatio n by Medical Studen ts . "  
Archive s of  Ophthalmology . Vo l. 89 ( 2 ) 1  pp, 110-11 2 ,  
February , 1 97 3 . 
Kaufman , Herbe rt E • •  " Pr es s ur e  Measurement s Whi ch Tonom eter '? "  
Invest i gative Oph thalmo log y, Vo l .  2 ;  pp. 80-85 . February , 
1 972 . 
Ko bayash i , A .  s . , L . - Y .  s .  Woo ,  C .  La wr ence and w .  A .  Sch legel , 
"An alys i s o f  the Corneo - s cl eral Sh ell by t h e  Meth o d  of 
Dir e c t  S ti ffne s s . " Journal of Biom echan ics . Vo l .  4( 5 ) 1 
pp . 323- 3 30. October , 1 971 . 
Koett ing ,  Robert A . 9 .. Corneal Rigi di ty As A Factor in 
Contac t Lens Wear . " Cont acto . Vo l .  1 6 ( 1 ) 1  pp, 51-55 . 
M arch , 1 972. 
Kr aus, H . •  " ( To nom etr y in Infan t s . I .  Differ ential Tono metry ) , •  
C esko s lo vensk a Oftalmo lo gi e, Vo l .  2 9 ( 5 ) 1  pp. 354- 357 . 
September , 1 97 3 .  
Kr i e g l s t e in 9 Guenter K .  and Wo l fgang K .  Wal l e r . "Go l dm ann 
Applanat i on Versus Hand- applanat i o n  and S ch i o tz 
I nd ent at i o n  To nom etry . " Albr ech t Vo n Graef es Ar chiv 
fur Klini s c he und Exper imen telle Oph t halmo lo gi e ,  Vo l.  
194( 1) : pp ,  11 -16 e Marc h J ,  1 975 . 
-30 -
Langham , Mauri c e  '5: . , Wo lfgang Leydhecker , .Guenter Kri eglste in 
and Wo l fgani:r, Waller . "Pneuatonographic Studi e s  on Normal 
and Glauc omatous Eye s . " Advanc e s  in Ophthalmology . Vol . 
32 , pp . 108-133�  1 976 . 
Levene , R .  Z . ,  · " Glaucoma." Arch ive s of  Ophthalmology .  Vol .  85 1 
pp . 2 27-2 51 .  
Lyon , Catherine , W .  K .  Mc Ewen and Marvin D . Shepherd , " Ocular 
Rigid i ty and Decay Curve s Analyze d  by Two Nonlinear 
Systems . "  Inve stigative Ophthalmology . Vol .  9 ( 1 2 ) 1 pp . 
9 35- 94 5 .  Dec ember , 1 970 . 
Mc Ewen , w .  K • •  "An Advanc ed Method o f  Information Pro c e s s ing 
for C l inical Schiotz Tonograms . "  Inve stigative Ophthal­
mology .  Vo l .  1 2 (11 ) 1 pp . 8 34-838 . November ,  1 973 . 
Millo do t , M • •  91Effect o f  Corneal Curvature on Tonomat 
Measurements . "  American Journal o f  Optome try . Vol . 51 : 
pp , 1 2 - 1 4 . January 0 1 974 . 
Mo s e s , R .A • •  "The Go ldmann Applanation Tonome ter . "  American 
Journal of  Ophthalmo logy . Vo l ,  46 1 p .  865 . 1 958 . 
Mo s e s , R .  A • .  "Theory o f  the Schiotz Tonometer and its 
Empirical Cal ibration . "  American Ophthalmo logical 
Soc i e ty Transc ripts . Vo l .  69 1 pp , 494-562 . 1971 . 
Mo se s ,  R .  A . ,  and W .  J .  Grod zki . '' Theory and Cal ibration o f  
the Schiotz Tonome ter s I I . The Re sistanc e of  the Cornea 
to De formation . "  Investigative Ophthalmo logy . Vol .  
1 0 ( 7 ) 1 pp . 5 34- 54 3 . July , 1971 . 
Mo se s ,  R . A • •  Editor . Ad l er ' s  Physio logy o f  the Eye , Chapter 
6 .  " Intraocular Pre s sure . "  pp . 179-209 . The C .  V ,  Mosby 
Company , Saint Loui s ,  1975 . 
- 31 -
Nes terov , A .  P .  and M .  B .  Vurgaft . " { About Cal ibrome try of 
Filatov-Kalfa ' s  Elasto tonome ter ) . "  Oftal ' mo logiche skii 
Zhurnal . Vo l .  J0 ( 1 ) i pp . 46 •47 . 1 975 .  
Ozc e t in , H .  " The Co effic i ent of  Ocular Rigi d i ty . " Turkish 
Oftal . Gazette . Vol .  4 ( 2 ) 1 pp . 70-77 . 1 974 .  
Po.inoo sawmy , D .  and J .  A .  Roth . " Variations in Visual 
Acuity , Refrac tion and Corneal .  Curvature wi th Change s 
in Applanat ion Tension . "  British Journal of  Ophthalmology ,  
Vo l . 58 , pp , 52 3-528 , May , 1974 . 
Previte , Loui s R . , Jam e s  E .  Burri s ,  Vincent Carter and Bernard 
Carol . " Halberg Hand Applanation Tonometer s S tatistical 
Analysis  of Tonome try wi th Go ldmann , Halberg and Schio tz 
Tonome ters on 2 , 000  Eye s . "  Annals of Ophthalmology . Vol .  
6 ( 6 )  1 pp . 567-5 70 . June � 1 974 . 
Sagan , W .  and K .  N .  Schwaderer . " C l inical Compari s on of  the 
Non-Contac t Tonometer wi th the Mackay-Marg Tonome ter . "  
Journal o f. the American Optome tric Assoc iation . Vo l .  46 1 
pp . 26-29 . January , 1975 . 
Schapero , Max , Davi d  C l ine and Henry w .  Ho fstette r . 
Dic tionary of Vi sual Sc i enc e . Second Ed ition , Chilton 
Book Company . Radnor , Pennsylvania . 1 968 
Scott , George Alan , Herman L .  Tacker and Gerald P. Birkman . 
"Clinical Compari son of  Four Tonome ters . "  American 
Optome tric As soc iation Journal . Vol .  42 ( 4 ) 1 pp . )46 -
35 0 .  1 971 . 
Smith , J .  L • •  "Applanation Versus Schiotz Tonome try . The 
Syndrome of  " Reverse Ocular Rigi d i t� • American 
Journal of  Ophthalmology , Vol .  58 1 pp . 807-8 1 2 . 1 964 .  
- 32-
Sm ith , J . L .  e t . al . 0 The Inc idenc e of Schiotz-Applanation 
Di sparity . "  Archives o f  Ophthalmo logy . Vo l .  77 1 pp . 305-
308 . 1 96 7 . 
Stel zer , R • •  '°The Re lationship of  Corneal Applanation to the 
Intra-Ocular Pre ssure in Enucleated Human Eye s . "  Albrecht 
Von Graef e s  Arc hiv fur Klini sche und Experiment e l l e  
Ophthalmo logi e . Vo l .  1 89 ( 1 ) 1  pp . 3 3-41 . 1 974 . 
Stepanik , Jo seph . " The Mackay-Marg Tonome ter . Corre lation o f  
the Tonograrn t o  the Corneal Applanations Induc e d  by the 
Tonome ter . " Ac ta Ophthalrno logica . Vo l .  48 ( 6 ) i  pp . 1 140-
1 144 . 1 9 70 . 
Stepanik , Jo seph . "Das Mackay- Marg Tonorne ter. VI . Hornhaut­
rigiditat und Augendruck ( "The Mackay-Marg Tonometer . 
VI . Corneal Rigidity and Intraocular Pre ssure . " )  
Albrecht Von Graefes Arc hiv fur Klini sche und Experi­
ment e l l e  Ophthalmo logi e . Voi . 1 88 ( 3 ) 1 pp . 2 1 1 -2 1 6 . 1 9 7 3 .  
Stepanik , Jo seph . "Comparison of  Modern Tonometers . .. 
Klini sche Monatsblatter fur Augenhe i lkunde und 
Augenartz l iche Fortb i ldung . Vo l .  1 64 ( 3 ) 1 pp . 426-430 . 
1 974 .  
Stepanik , Jo seph . " Bulbushullen und Augendruck ( The Coats. 
of the �yeball and the Intraocular Pre ssure , ) " 
Kl ini sche Monatsblatter fur Augenhe ilkunde und 
Augenartz liche For tbildung . Vol ,  1 6 6 ( l ) t  pp . 5-1 0 .  
January , 1 97 5 .  
Stuc key , G ,  C ,  . "Tonome try and the Imbert-Fick Law , •• 
Aus tralian Journal of  Ophthalmo logy , Vol , 2 1  pp , 68 - 70 . 
June , 1 974 . 
l 
,. .��-
• . I r 
-33-
S tuckey , G .  c • .  " Tonometry-the Abso lute De termination of 
the Original Intraocular Pre s sure . "  Australian Journal 
of Ophthalmo logy . Vo l .  2 s  pp . 1 54 - 1 5 5 .  Oc tober , 1 974 .  
Syrdal en ,  Per . •• Intraocular Pre ssure and Ocular Rigidity 
in Patients wi th Retinal De tachment .  I I . Po s toperative 
Study . " Ac to Ophthalmo logica . Vol .  48 ( 5 ) 1 pp , 1 024- 1 044 . 
1 970 . 
Vuc i c evic , Zarko IVI .  and Joanna Ral s ton . " Influenc e s  of  the 
Vo lume and Hydration Changes on Sc l eral Rigi d i ty . " 
Annal s  o f  Ophthalmology .  Vol .  4 ( 9 ) 1 pp . 71 5-732 . 
September , 1 972 . 
Yamada , Eiichi . "On the Schiotz Tonome ter- Comparison wi th 
the Applanation Tonome ter . " Ac ta Soc i e tati s Ophthalmologicae . 
Vol . 76 ( 2 ) 1 pp . 84-89 .  February , 1 9 72 . 
.,, 
... .: .  
